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Abstract 
The present article deals with the problem of dispatching control of facility energy consumption. This work describes the energy 
consumption model, which includes the properties of periodic loads common for any type of the processing industry. Therefore it 
can be employed for all the branches of industry, working with time tariffs. The paper proposes the principle of hourly rate setting 
and forecasting energy consumption for complex industrial facilities. The hourly chart of equipment load of the iron and steel 
plant's melting shop is designed in accordance with the proposed principle. The designed chart has been evaluated based on the 
index of the energy consumption cost reduction. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of KES International. 
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1. Introduction 
Short-term forecasting and dispatching control of energy consumption is now a crucial technical and economic task 
for plants and energy providers. Short-term and operational forecasts are the key data to make a solution on planning 
of power consumption by plants and development of power supply. 
Unexpected growth of demand in the electrical generating sector of economy leads to the problem of power supply. 
Moreover, the seasonal nature falls on the main part of short-term demand fluctuations. Detection of specific features 
of this model may have a beneficial effect on prevention of supply problems. The issues of short-term forecasting and 
dispatching control are considered in works [1-9]. 
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In accordance with the Decree of the Government of the Russian Federation No. 442, dated April 4th, 2012, six 
price categories for electric energy consumers are defined in relation to an applied tariff for energy cost estimation. 
Since July 1, 2013, in regards to encouraging the facility owners to implement the hourly billing and hourly planning 
of energy consumption, the prohibition for using the first and the second price categories for estimation was issued for 
the large consumers (with maximum capacity not less than 670 kW). It had led to an immediate growth of the energy 
price for many plants. 
The application of hourly billing and hourly planning of energy consumption will allow the use of the fifth and the 
sixth price categories for electric energy cost estimation. Those categories are the most favourable for consumers. 
Moreover, it will increase the efficiency of electrical equipment.  
The dispatching control of electric energy consumption produces the technical and economic effect, based on the 
following factors: 
1) more precise control of electric energy consumption. It will give an opportunity to identify the areas and time 
periods of increased energy consumption and estimate the reserves for energy consumption reduction; 
2) сost saving for purchasing the electric energy due to transfer of energy consumption units to the more favourable 
price band. 
Therefore, improvement of energy consumption forecasts gives great financial savings and thus defines the 
relevance of works [10-16] associated with development of methods and algorithms of short-term forecasting and 
dispatching control of plant’s power consumption. 
Despite a great amount of works dedicated to decrease of energy costs at a plant, many facilities have not yet got 
systematic impact of energy savings. One of the reasons is the lack of appropriate records concerning the influence of 
the multilevel organizational structure on a decision-making process as for energy efficiency management of 
processes. 
2. The general production process estimation model 
When solving the problem of dispatching control of electric energy consumption it is important to single out the 
central link of the production process estimation model, which would have enough of invariable properties in time to 
be the reference point for production process estimation parameters for the various time periods. Thus, the particular 
central link is the energy-output ratio determined by: 
W
w
PO
 ,           (1) 
where: W is the electric energy consumption in the particular period of time, PO  is the production over the specified 
period of time. 
For the securing of the energy consumption planning for the given period of time, it is necessary to provide the 
predictability of the products output power consumption in the present time period. 
With respect to predictability nature of power consumption index we shall divide the production processes, which 
become the objects of power consumption planning, into the following categories: 
1) continuous processes, for which the current power capacity is continuous in time 
( )
( )
( )
P t
w t
PO t
W ,          (2) 
where: ( )P t  is the current energy input, ( )PO t  is the current production capacity, τ is the delay period between 
electrical energy consumption and the product release; 
2) discrete processes, for which the energy intensity index is defined in the discrete moments of time: 
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The time period between the two reference points for discrete process shall be qualified as the production cycle.  
Inside the production cycle we introduce the definition of power intensity chart in accordance with the proportion: 
1
( )
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P t
g t t t t
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  .         (4) 
Here ( )kP t  is the given power consumption inside the production cycle k , kPO  is the production within the 
production cycle k . 
The chart of power intensity depends on the production factors:  
1( ) ( ; ),    ( ,   ]k k k kg t g t t t t  x ,        (5) 
where kx  is the value of production factors of vector x  for the k  production cycle, which includes the idle period, 
the working cycle time and technological process operating conditions.  
The functional relation of power intensity chart and production factors ( ; )g tx  should be defined in the manner, 
which could describe all the production process cycles similarly to the working condition map and the conditions 
diagram. In the particular case of continuous processes, when the following condition is met: 1k kt t t  , the function 
(5) describes the relation of a current production energy intensity and production factors: 
( ) ( ; )w t w t x .          (6) 
In the stationary case: 
( )w w x .           (7) 
In regards to the introduced properties the analytical estimation of the facility's combined energy consumption chart 
shall be defined in accordance with the following proportion: 
 0 , , 1( ) ( ) , ( , ]ik ik i k i k
i
P t g t PO k t t t   ¦ ,       (8) 
where: i  is the index of the production process, ikPO  - is the production volume for k  cycle of i  production process. 
3. The planning of the power consumption dynamics 
As from the proportion (8) for the estimation of the energy properties, it is necessary to know the production tasks 
ijPO  for each i production process in the j(i) cycle.  
The reference point for energy consumption estimation is the production cycle schedule [17]. The sample form of 
the production cycles schedule is presented in Fig.1. 
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Fig. 1 The sample form of production cycles schedule 
U1,…, U4 in Fig. 1 are the numbers of the work areas - of the electrical energy consumers. 
 
The work of each area is planned in accordance with the schedule, where the corresponding production cycles are 
time-ordered.  
Each production cycle (i, j) has its planned task of production ijPO  (i –equipment groups, j – the index of a 
corresponding cycle) and can be split into time periods k, the duration of which is defined by the process technology. 
The power consumption estimation is timed accordingly to tk. 
The principle for power consumption estimation depends on the duration of production cycles Tij. The following 
cases are possible here.  
1) The total duration of all production cycles Tij, included into the time step, is less than the duration of the step. 
In this case the power consumption for this time step will be:  
k
k
k
W
P
T
 ,           (9) 
where  
k k kW w PO ,          (10) 
where: kT  is the step time period, kw  is the energy intensity of production for the given time step, kPO  is the intended 
production volume within the given time step. 
As seen in the formula (9) the estimation of power consumption in this case is carried out with the help of static 
formulas, linking the volume of power consumption with the production volume. 
2) The total duration of one production cycle Tij, included into the time step, is longer than the duration of the time 
step. 
In such case the estimation is carried out with the help of the dynamic formulas:  
1
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ij
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  ,          (11) 
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where ( , )ig tx  is the chart of the power intensity. 
3) Within the time step the production cycles of the first and the second types can be implemented.  
In this case the power consumption volume is estimated as the sum of power consumption values of individual 
production cycles  included in one time step, for instance: 
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In relation to the value of time step the estimation principles are modified. Thus, at the time step of one month all 
the production cycles are placed within the time step, therefore the static estimation is carried out with the help of the 
formulas (10). In this case all the production cycles are aggregated into one month production cycle in accordance 
with the given production process. 
In case of hourly planning the duration of the considerable amount of production cycles will exceed the planning 
time step. In this case the estimation is carried out in accordance with dynamic formulas (12). 
We have the combined case in case of the daily planning. In relation to the duration of a cycle, the estimation is 
carried out in accordance with static or dynamic formulas.  
4. Dispatching control of facilities power consumption 
The determined schedule of production works for complex production processes such as metallurgical production 
is impossible to be implemented in real life due to the big amount of random factors, influencing the power 
consumption. It  especifically refers to hourly work planning. Elimination of the given uncertainty is possible only 
through dispatching control of facility power consumption. 
The general scheme of the facility dispatching control of power consumption is presented in  Fig. 2. 
 
Fig. 2.  
OP is operational planning; PCR is power consumption regulators; PP is production process; 0 ( )
зP t  is declared 
chart of power consumption; 0 ( )P t  is actual chart of power consumption; opg  - is operating schedule for power 
consumption regulators; ( )reg tP  - is vector of the current values of power consumers-regulators; ( )tx  - is operating 
conditions vector for power consumption regulators. 
For the implementation of dispatching control it is necessary to select the energy consumers-regulators in 
production process of the whole facility, thus, by changing the power consumption rate, it is possible to achieve the 
power consumption control of the whole facility in the preset range. Selection of consumers-regulators by the 
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estimation principle is similar to the considered earlier problem of the systematic forecasting of power consumption, 
which in this case: can be represented by the following proportion: 
0 ( ) ( )
reg
i i
i I
P t a P t

'  '¦ ,         (15) 
where: ( )iP t'  is the deviation from the power consuming rate of consumers-regulators from the declared value, 
0 ( )P t'  is the deviation of the general power consumption of the facility from the planned values, ia  are influence 
coefficients. 
The conditions for controlling the general power consumption of consumers-regulators can be represented by the 
following proportion:  
0 ( ) ( )
reg
i i
i I
P t a P t

' d '¦ ,         (16) 
where: 0 ( )P t'  is maximum possible deviation of the general power consumption from the declared one, ( )iP t'  are 
maximum possible regulating deviations of consumers-regulators power consumption rate from the planned values. 
The condition (16) is the basis for selecting consumers-regulators among all facility's consumers. Such consumers 
in metallurgical plants are arc-steel furnaces, rolling mills and others power-intensive consumers. 
Operational planning consists in making of operating schedule in accordance with criteria of minimal power 
consumption rate deviation 0 ( )W t  from the declared chart. ( )TW t . 
The operational planning is based on the determination of the current planning time horizon > @,  t t T , for which 
the operating schedule is made as a result of the current value of the operating conditions vector of consumers-
regulators. 
The formalized problem statement of anticipatory control for operating planning is the following.  
The objective functional is set: 
> @22 01 ( ) ( )
t T
T
t
E P t P t dt
T

 ³ .         (17) 
The proportion link is set: 
0 ( ) ( )
reg
i i
i I
P t a P t

'  '¦ .         (18) 
Technological constraints techD are set  for the start time 0it  and completion time  рit  of production cycles i for 
consumers-regulators: 
 ^ `0 ,i рi techt t D .          (19) 
The links of production cycle parameters with the power consumption output inside the cycles are set.  
Hereby, the following problem is stated - the need for determination of the production cycles schedule (19) of 
consumers-regulators on the condition of the minimum objective function (17). 
The problem can be solved by the well-known principles of mathematic programming.  
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5. The principle of hourly rate setting and forecasting of power consumption for complex production 
facilities 
With the aim of economic effectiveness planning of hourly schedules of power consumption for production cycles 
an integral index - the index of power consumption cost reduction 
redI  is additionally introduced. 
The logic of introduction of this index is the following. 
The value of the equilibrium prices index for power sales on the wholesale market is divided into permanent and 
variable parts, which change accordingly to hours during the 24-hour period: 
0( ) ( )e k e e kEPI t EPI EPI t ' ,        (20) 
where: 0eEPI  is permanent part, ( )eEPI t'  is variable part, k is the index of hourly periods. 
In this case the price for hourly power consumption purchase can be divided into two parts: 
0( ) ( )e k e e kC t C C t ' ,         (21) 
where 0eC  is the permanent part of the price. 
0 0e e eС W EPI  ,          (22) 
( )
e kС t'  is the variable part of the price.  
( ) ( ) ( )
e k k e kС t P t EPI t'  ' .          (23) 
Here 
e
W  is the power consumption within the particular period of time, ( )kP t  is the power consumption for 1 
hour (megawatt hour for k power consumption time period).  
The variable part of the power price substantially depends on the power consumption chart. The optimal chart for 
power consumption must minimize the variable part of power purchase. For estimation of the degree of the optimal 
power consumption chart the criterion for - the index of power consumption cost reduction 
redI  is offered. It is defined 
by the following proportion: 
( ) ( )
( ) ( )
k e k
k
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b k e k
k
р t epi t
I р t epi t 
¦
¦ ,         (24) 
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' '¦ ,    (25) 
where: ^ `( )kP t  is the current chart of power consumption, ^ `( )b kP t  is the general power consumption chart. 
The general power consumption chart is introduced as a reference point for optimization of the current power 
consumption chart. If the current chart coincides with the general chart, then the index value is 1
redI  . If the current 
power consumption chart causes the reduction of power price in comparison to the general chart, then 1
redI  . The 
less the index value 
redI , the more optimal is the current power consumption chart. The absolute optimum is achieved 
at the index equality 
redI  to null. In this case the variable part of the power equals to null. Alternatively, if the index 
value 
redI  is more than 1, then the current power consumption chart is inferior to the general chart. The more the 
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index value 
redI , the higher the variable price of the power purchase is. 
Therefore, the introduction of the new index - the index of power consumption cost reduction 
redI , allows to 
estimate the optimality of the power consumption charts integrally. Thus, it is possible to arrange the centralized 
control, planning and forecasting of the local power consumption charts quality for production areas. The given index 
is the objective one, and it depends only on the quality of the designed power consumption charts and technically does 
not depend on the power consumption volumes and the power price margin. Hence on the bases of this index it is 
possible to estimate the local operation quality of particular production areas. Thus, the objective control and quality 
assurance for local planning of power consumption charts on the production areas is provided. 
Like the index of power intensity, which technically does not depend on the power consumption volume, but 
factually depends in non-linear way on power consumption volume, the index of variable price depends on the volume 
of power consumption and the weighted average price for electric energy. Therefore, during the centralized planning 
of variable price index, it is necessary to define the empirical dependence of the price reduction index on power 
consumption volume 
e
W  and weighted average 
avC on the basis of statistic data. To solve the given problem it is 
reasonable to use the following formula: 
( ) ( )
red e corr av bI F W k C C   ,        (26) 
where: ( )F   is non-linear empirical dependence, 
avC  is the current weighted average power price, bC  is benchmark 
price of power, пk  is correction coefficient. 
Non-linear empirical dependency ( )F   can be defined on the basis of the software, which is being used for the 
defining the power intensity. 
6. Evaluation of the principle for hourly rate setting and forecasting of power consumption for the 
metallurgical plant 
In accordance with the proposed principle the hourly equipment load chart of metallurgical plant's melting shop is 
built. The model design has been made on the basis of the data for hourly power consumption by the melting shop’s 
equipment of the metallurgical facility of the first price category within September 2014, as well as with regards to 
the equilibrium prices index for power sales taken from the website of JSC ATS.  
The current equipment load chart of the melting shop is presented in Fig.3. 
 
 
Fig. 3. The hourly equipment load chart for the melting shop of the metallurgical facility of the first price category. 
Table 1 lists numerical daily values of the cost reduction index of power consumption I
red , September 2014. 
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Table 1. Numerical daily values of the cost reduction index of power consumption within September 2014 
No. Day Cost reduction index of power consumption  
1 02.09.2014 1,230005 
2 08.09.2014 1,10099 
3 16.09.2014 1,089341 
4 22.09.2014 1,169866 
5 29.09.2014 1,356048 
 
According to Table 1 the value of the cost reduction index of power consumption, I
red , for the specified general 
charts, is more than 1. In order to control the load chart a consumer can move operating hours of process equipment 
within the daily chart. Based on the values of cost reduction indexes of power consumption and process requirements 
for each general chart operating hours of the equipment in the melting shop has been changed. 
Upon the designing the optimal equipment load chart, the process technology, has been followed, and the 
requirement for the duration of equipment idle periods has been met. 
The hourly equipment load chart of the melting shop, designed by means of solving the problem of reduction of 
monthly production costs is presented in Fig 4. 
 
 
Fig.4. The optimal hourly chart for melting shop equipment load of metallurgical facility of the first price category. 
Therefore, the given hourly chart allows to reduce the power purchase costs during production and other necessary 
procedures by means of transferring the power consumption units to the more favourable price band.  
Fig. 5 shows the comparison chart of the time history for the cost reduction index of power consumption in time 
scale for the considered variants of the general chart and the general chart with the shift. 
 
Fig.5. The comparison of the time history Ired for the general chart and for the general chart with the shift.  
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As seen in Fig. 5, the value of the cost reduction index of power consumption Ired for the general chart with the 
shift has reduced in comparison to the initial version. As you can see, the alteration of the equipment operation chart 
of the melting shop provided an option for increasing the optimal features to the power consumption charts. 
7. Conclusions  
Expertly designed chart for equipment load allows to gain the technical and economical effect by means of reducing 
the cost of purchasing the electric energy due to the transfer of energy consumption units to the more favorable price 
band. The energy system load chart is the combination of the multiple charts of consumers loads, and this is the reason 
why it is possible to level it off only with the help of consumers-regulators that are capable to limit or transfer the parts 
of their electric load from particular hours to other hours or from the business days to weekends, depending on the 
type of regulation (daily or weekly). 
The work introduces the aggregates of the resource consumption dynamics, i.e. cost reduction indexes, making it 
possible to agree the detailed resource consumption dynamics at the local levels of separate processes and generalized 
representations at the upper technical and economic level. The proposed indexes give an opportunity of integral 
estimation of optimality of power consumption charts meaning the local quality of operation of separate production 
areas. 
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